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DeEbviUatlot~ is thought to bu mediated by a depolarizing 
current; however, the present method of defibrillation is 
based on dellverhg m empric dose ol energy to all 
patients. The hypothesis of this study was that far equiva- 
lent e!ascaq rates, 4 cunmt-med dePbriilatiW methad 
wotdd result in delivering less emergy and peak mrrent than 
wouIdtkstan&rdenergy-basedraethod.Inagronpti86 
consecutive paGents with vclrtricular Ebrillatkm, every 
other pptieat was prospectively as&ned to receive shocks 
nrronl~toBltthodl~wetftod2.M~~1wasrHrrrnt 
lnuedml#ddellveredsuccesiveshacksof2s,t5~a 
mximmlof4oA,method2waseRergybasedaml 
ddlvmedsho&5of2tH3,2o8amlWjoules.Patie&inboth 
graup!s were similar witll N!qH?ct o aW. fmder, we&m, 
cardiac diagmsis, ejectioa fraction, aatimhythmic ther- 
apy, ClWlt circumf~, chest depth acnd traust~k! 
impedance. 
Each methud had sta&GsUy eq&akmt Erst shock 
(79% eurmH8sed versus 81% energy-hased) amd cnmu- 
Ltivesh&sllcecrwrates.Themeanfirstshockenergywas 
Since the introduction of direct current defibrillation 26 
years ago (l), the optimal electrical dose required to convert 
ventricular fibrillation to an organized rhythm has remained 
unresolved (2-5) This issue is of considerable importance. 
Shucks of insufficient strength expose the myocardium to 
prolonged periods of ischemia and the need for repeated 
shocks, whereas shocks in excess of threshold may ad- 
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120 f 30 jottk for ptie&s receivhg the cmrent.~ 
aace(r!M~)pmkted&st 
an eq&demt spects mte. 
versely affect defibrittation success (6-M) and potentially 
result in myocardial necrosis (1 I-13). Also, single tfanstho- 
racic shocks can cause ST elevation or depression (14) and a 
positive technetium-99m stannous pyrophosphate myocar- 
dial scintigram (15,16)). Furthermore, shock-induced ventric- 
ular tachyarrhythmia and atrioventricuku (AW block are 
dose-dependent phenomena, whether applied endocardially 
(17) or transthoracically (13,18,19). Clinical cardioversion 
has also been reported to cause puhnonary edema (20-22), 
and single 2OOjoute transthoracic shocks have been shown 
to acutely impair left ventricular systolic and diastolic func- 
tion (23). These considerations have !cd investigators to 
conclude that clinical defibrillation should be achieved with 
the lowest effective shofk dose (2,3,13). 
Transthoracic current has been shown to be a more 
precise electrical descriptor of defibrilation threshold than is 
energy (24.25). The present method of defibrillation, in 
which an initial 200 joule shock is delivered to all adult 
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patients (26), is suboptimal because, for a given delivetcd Protocol for measuring transthoracie impedance. In the 
energy, current is dependent on transthoracic impedance electrophysiology laboratory, transthoracic impedance was 
(25). Therefore, excessive current may be delivered to measured in all patients immediately preceding programmed 
patients with low transthoracic impedance and insufficient stimulation by one of four physicians or nurses. In each 
current delivered to those with high impedance. For exam- patient, the operator who prospectively measured imped- 
pie, a standard 200 joule shock will deliver approximately 58 ante also performed defibrillation. identical to the method 
A to a patient with a 25 C4 impedance but only 22 A to a used during detibritlation, hand-held circular stainless paddle 
patient with a 150 0 impedance. electrodes (8.5 cm diameter) covered with electrode gel 
The concept of delivering a shock calibrated in units of (Hewlett-Packard, Redux Paste) were placed over the sec- 
current was initially introduced by Geddes et al. (24,27). ond right intercostal space at the sternal border and over the 
Their animal studies suggested, however, that transthoracic cardiac apex at ‘he fifth intercostal space and anterior 
current requirements were weight dependent, and they axillary line. The electrodes were connected to an electrical 
therefore recommended a normalized dose of 1 Aikg for bioimpedance meter. This instrument determines transtho- 
defibrillation (24). This method was never applied clinically racic impedance by passing a high frequency (30 kHa,), 
because it would have resulted in delivering considerably constatit amplitude alternating current between the elec- 
more energy and cut-rent than that delivered by the present trodes and measures the resulting voltage difference. Each 
energy-based method (for example, a IO0 kg patient wouid operator made three consecutive prospective impedance 
receive a 100 A shock). Furthermore, other investigators measurements that showed 52 fl variability. Because mea- 
(28-31) reported large variability in the minimal current surements were made at the same electrode location and 
required for defibrillation and therefore concluded that cur- + during peak expiration, the small variability in impedance 
rent is not a useful descriptor for defibrillation strength. reflects small differences in electrode force. The operators 
However, our laboratory has shown experimentally (25) that were instructed to apply the same electrode force during 
current-based defibrillation thresholds are independent of defibrillation as was applied during the prospective imped- 
operator-dependent changes in transthoracic impedance and ante measurements. A high linear correlation between pro- 
show less variability among subjects than do energy-based spective measurement of impedance using this method and 
thresholds. On the basis of these findings we hypothesized that determirted during defibrillation has been reported (3i j. 
that a current-based defibrillation method in which a fixed DeRbriErtiom protucd. For patients randomized to the 
dose of current is delivered to all patients would preclude current-based method, the prospective impedance measure- 
ttansthoracic impedance as a major determinant of defibril- ment was used to calculate the energy setting on a specially 
lation success and would deliver significantly less energy and modified defibrillator (Datascope, MD2J) required to deliver 
current than the energy-based method for an equivalent the desired peak current (source-free, second order differ- 
success rate. We designed a prospective study to test this ential equations describing the defibrillator output circuit) 
hypothesis. (32). The protocol was designed so that no patient received 
n shock >36ojoulcs. Therefore, patients with a transthoracic 
impedance ~100 fl could receive a third shock of 40 A, 
Methods 
Study patients. Eighty-six patients who developed ven- 
tricular fibrillation during programmed electrical stimulation 
were consecutively alternated to receive direct current coun- 
tershocks by one of two methods. Method I (25) was a 
current-based technique that was designed to deliver 25 A 
for the first and second shocks and a maximum of 40 A for 
the third and subsequent shocks. Method 2 (26) was energy 
based and consisted of the standard guidelines for defibril- 
lation, 200 joules for the first and second shocks and 360 
joules for the third and subsequent shocks, 
The protocol was aho designed to examine the energy 
and current delivered by each defibrillation method in the 
same patient. Patients undergoing defibrillation by one 
method were assigned to the alternate approach during 
repeat electrophysiologic studies. The protocol described in 
this study was approved by the Human Investigations Com- 
mittee of the University of Virginia. 
whereas those with an impedance > ItJO 0 would receive the 
maximai current delivered from 360 joules (but 40 A). The 
pulse of the defibrillator was a damped sinusoidal waveform 
(capacitor 30.66 pF, inductor 48 millihenry (ml-i), internal 
resistance 11 fb). 
The energy setting 04 the defibrillator was equivalent to 
the energy delivered to a 50 D load. The calibrated delivered 
energy was accurate to ?2.0%. After the pulse was dis- 
charged, the peak delivered current between the defibril- 
lating electrodes was disptaycd on a digital meter (calibrated 
accuracy -~3.0%). The transthoracic impedance during the 
shbck was calculated from the peak current and energy (32). 
Serum for potassiam (K+), total carbon dioxide (COJ 
and magnesitrm iM$+) concentrations were drawn imme- 
dia’tely afleier defbrillarion. In each patient, chest circumfer- 
ence was measured at the level of the fifth intercostal space. 
Chest depth was measured as the perpendicular distance 
between the vertebral column and manubrium. 
Dejbrillatkm was defined as the conversion of ventricular 
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Figure 1. Comparison of first shock and cumulative second and 
third shock S?ICCCSS rates between the current-based (qm bars) and 
energy-based Wid bars} methods of defibrillation (p = NS). 
Chcti &pth (cm) 20 + 3 21 + 3 
@here were no statistical diierences Mween th two Igoups for any of 
the listed vziablts. ITI = tmnsuloracic imped27tce. 
fibrillation to a supraventricutar rhythm that was asxxiated 
with a measurable blood pressure and pulse. 
was 181 2 II cm and chesr depth was 21 -t 3 cm. The 
transthoracic impe&~e during defibriltation 8as 9l f 20 11 
(range 50 to 158). There were no significant dierences in the 
examined ciirka! variables between patients who underwent 
defibrillation by each method. 
and failures for each method of defibrillation were examined 
for transthoracic impedance, body weight, ejection fraction, 
chest circumference and chest depth using the Wilcoxon 
rank sum test. Comparisons of the mean of contintious 
Data analysis. Dilferct&s between frrst shock successes Comparison of H&&. The current- and energy-based 
8g%. and cumulative third shock success rates were 100 and 
methods of defibrillation had statistically equivalent success 
93%, respectively. Three pat&s randomized to the energy- 
based method required four shocks for defibrillation. A total 
rates (Fig. 1). First shock success rate was 7% with the 
of 53 shocks were defimed using the current-based method 
(1 shock in 34 patients, 2 shocks in 8 and 3 shocks in l), and 
csrrcnt-based method and 81% with the energy-based 
59 shocks were delivered using the energy-based method (1 
method; cumulative second shock success rates were 98 and 
variables were made with either paired or unpaired Wdent’s 
f test, and the frequencies of occurrence were compared by 
Fisher’s exact test. All data are expressed as mean 2 SD. A 
two&led p C 0.05 was considered to be statistically signif- 
icant. 
Results 
shock in 35 patients, 2 shocks in 3,3 shocks in 2 and 4 shocks 
in 3). The duration of ventricular fibrillation before initial 
Clinkal cbsnclerIrties (Table 1). This study consisted of shock was < 15 s in each group of patients. AU patients had 
69 men and 17 women with a mean age of 61 2 12 years successful defibrilIation with;n 40 s after developing ventric- 
(range 1 to 80). Cardiac catheterization was perfmned in 74 ular fibrillation. The mean energy for the first shock was 120 
2 30 joules (range 75 to 200) in patients randomized to the 
current-based method and 200 joules in patients randomized 
to the energy-based method (p = O.OOOt) (Fig. 2). The mean 
first shock current was 24 f 2.3 A (current based) and 33 -C 
5.0 A (energy based) (p = 0.0001) (Fig. 3). Thus, for 
equivalent first shock success rates, the standard energy- 
based method delivered a mean of67% more energy and 38% 
more current than the current-based method. For all shocks 
delivered to each group of patients, the energy-based 
method delivered %% more cumulative energy (p = 0.0001). 
Forpatients receiving energy-based shocks, the transthe 
racic impedance for first shock failures was found to be 
higher than for successes (p = O.OMM, Wilcoxon rank sum 
test). A further examination of this phenomenon il the 
energy-based group showed that for subjects with a tram 
thoracic impedance r90 $3, the first shock failure rate was 
significantly higher than for those with an impedance -30 II 
(44 versus O%, p = 0.001). There was no statistical difference 
ty-three patients had coronary artery disease, four had 
idiopathic cardiomyopathy, three had mitral valve prolapse, 
two had nonobstructive hypertrophic cardiomyopathy and 
one had hypertensive heart disease. Three patients had no 
structural heart disease. The mean left ventricular ejection 
fraction was 38 2 15%; 32 patients had a teft ventricular 
aneurysm. 
Eighty patients had clinically documented ventricdar 
tachycardia or ventricular fibrillation before electrophysio- 
logic study. The remaining six patient; had recurrent syn- 
cope. Patients assigned to the two methods of defibrillation 
were similar with respeci to the clinical variables listed in 
Table t. Serum K+, CO, and I@ concentrations were 
within the normal range for all patients. 
Plryskalcharacte& (Talk 1). The mean body weight 
was 75 2 16 kg (range 46 to 156). The chest circumference 
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Figure 2. Comparison of first shock energy delivered 
by both methods of defibrillation. The 43 patients in the 
current-based group received shocks of either 75, 100, 
150 or 200 joules (to deliver 25 A), whereas the 43 
patients in the energy-based group received 200 joules. 
The energy-based method delivered a mean of 67% 
more energy than did the current-based method. 
in transthoracic impedance for first shock failures or suc- 
cesses in patients receiving current-based shocks. For each 
method of defibrillation there were no differences between 
tirst shock successes and failures with respect o body weight, 
ejection fraction, chest circumference or chest depth. 
Nor 011 patients nllocated to rhe current-baseu group 
received precisely 25 A because the energy calibration s&e 
of the defibrillator (e.g., 75, MO, 150, 200 joules) limited 
precise resotution of delivered current in some patients and 
because there was a slight underestimation of impedance 
during prospective measurements (Table 1). However, the 
actual variability was quite small (24 f 2.3 A). 
An additional analysis was performed on a subset of 10 
patients who underwent defibrillation by both methods on 
alternate days (Fu. 4). Only the results from the inifial 
defibrillation method were used in the analysis already de- 
scribed. In these 10 patients defibrillation succeeded on the 
first shock with each method. Comparisons of energy and 
current for the two methods in individual patients showed that 
there was significantly more energy, (2tM versus 105 2 26 
joules, p = 0.0001) and current (33 2 3.4 versus 23.8 * 1_8A, 
p = O.ooOl) delivered by the energy-based method. The 
energy-based methud thus delivered 90% more energy and 
44% more current in patients who served as their own control. 
The results of this study demonstrate that current-based 
defibrillation as compared with the standard energy-based 
method (26) delivers siguigcantiy less energy and peak cur- 
rent with equivalent success rates. These results were ccn- 
Figure 3. Comparison of first shock current delivered 
by both methods of defibrillation. The energy-based 
method delivered 38% more current than did the 
current-based method. 
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Figure 4. A, Comparison of first shack energy in IO 
patients who were converted by each method of defi- 
brillation on separate days. Each patient was defibril- 
lated by the first shock with each method. The energy- 
based method (soltd bars) delivered a mean of 90% more 
energy than did the current-based method (open bars). 
B, Comparison of first shock current in the same pa- 
tients. The energy-based method delivered 44% more 
current han did the current-based method (p = O.ooOt). 
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therapy and physical characteristics, including body weight, 
chest circumference and depth and transthoracic impedance. 
LMWmta of energy-w de&Nation. A significant 
limitation of the energy-based method is that transthoracic 
impedance is a major determinant of the delivered curreni 
(25,33). Because impedance is highly variable among adult 
patients (-25 to 150 n) and is primarily related to thoracic 
dimensicns and paddle electrode force (341, administering a 
200 joule shock to all patien: nay deliver excessive current 
to those with low impedance and insufficient current to 
patients with high impedance. These considerations explain 
the disappointing results in previous reports (28,35) where 
108 joules has been used as the initial energy selected for 
defibrillation. 
A mqjor advantage of current-based dejbrillation is that, 
by precluding transthoracic impedance as a determinant of 
shock success, it permits the delivery of less energy and 
current than does the energy-based method. Tec!,niques 
designed to improve success rates of energy-based detibril- 
lation in high impedance subjects by automatically doubling 
energy output (33,36) differ from our method in that deiiv- 
ered current is not preselected or precisely controlled but 
rather is determined by transthoracic impedance. For exaat- 
ple. patients with impedance levels immediately above or 
below the level chosen for doubling the energy dose will 
receive markedly different amounts of current. 
lrnplkatio~. Our results indicate that a fixed and rela- 
tively small dose of current detibrillates the heart ir a 
1263 
majority of patients, a finding that is in contradistinction to 
that of previous studies(2&31) that reported large variability 
in clinical current requirements. These differences can be 
explained in part by previous methods used to determine the 
effective current dose. In these studies, defibrillation 
strength was preselected in units of energy, not current. 
Under these circumstances delivered current is dependent 
on impedance and the energy level. Therefore, artificially 
large variations in current requirements for dehbrillation are 
to be expected, although actual current requirements may be 
relatively constant. Our method, which delivered a fixed 
dose of current to patients by prospectively determining 
transthoracic impedance, was designed to appropriately test 
whether current requirements are relatively constant across 
a given population. 
First shock success rates, with either the current- or 
energy-based methods in this study, are similar to those 
reported in patients receiving 2OOjoules for in-tmspital and 
out-of-hospital ventricular fibrillation (10.35,37) and in pa- 
tients undergoing defibrillation in the electraphysiology lab- 
oratory (38). Our findings may be appiicable to several other 
clinical situations because a recent s:udy (36) demonstrated 
equivalent shock strength requirements in patients who 
developed ventricular fibrillation in the electrophysiology 
laboratory and those who had spontaneous ventricular fibril- 
lation in the coronary care unit, emergency room and 
in-patient wards. 
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